Addition of ammonium salts to E. coli cells grown on a medium with glutamate as the sole nitrogen source is followed by rapid inactivation of glutamine synthetase (GS) I1 The active form of the enzyme (GSa) and the inactive form (GSb) have been isolated.2 Both forms behave similarly in the analytical ultracentrifuge, electrophoresis, and ion exchange chromatography. 2 In a cell-free system GSa is converted to GSb by an "inactivating enzyme"3 in the presence of adenosine 5'-triphosphate (ATP), Mg2+, and glutamine.4 The inactivating enzyme catalyzes an adenylylation of GSa5-7 in the presence of glutamine or certain related metabolites as allosteric effectors.8 Kingdon and Stadtman9' 10 also reported the isolation of two forms of glutamine synthetase from E. coli cells grown on a medium containing either glutamate or ammonia, respectively, as sole nitrogen source. Both forms show characteristic differences in their responses to feedback inhibitors. In the present paper it will be shown that our GSa preparation behaves like the "ammonia preparation" and the GSb preparation like the "glutamate preparation" of Kingdon and Stadtman. As will be shown, in the late logarithmic or in the stationary growth phase, the "ammonia medium" contains no more ammonia, whereas the "glutamate medium" contains large amounts of ammonia. There is a striking parallelism between the appearance or disappearance of ammonia in the culture medium and the formation of GSb or GSa. The "ammonia preparation" of Kingdon and Stadtman is isolated from cultures with very low ammonia concentrations, and the "glutamate preparation" from cultures with high concentrations of ammonia. Both our previous data and those of Kingdon and Stadtman therefore suggest that ammonia controls the ratio GSa: GSb by causing formation of GSb from GSa.
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Results.-Growth (as recorded by optical density at 650 mM), specific activity of glutamine synthetase, ratio of glutamine synthetase to glutamyltransferase (S/T), and the concentration of ammonia in the media of batch cultures of E. coli are shown in Figure 1 . The left side of the figure represents a culture in a medium with ammonia as the sole nitrogen source, whereas in the experiment shown on the right glutamate was the sole nitrogen source. The composition of the media as well as the other growth conditions were those of Kingdon and Stadtman.9 The specific activity of glutamine synthetase (i.e., GSa) increases sharply as ammonia disappears from the ammonia culture and decreases in a similar manner as ammonia appears in the glutamate culture. The ratio S/T decreases with the appearance of ammonia in the glutamate culture and shows high values in the ammonia culture during and after disappearance of ammonia.
The ratio S/T is high in GSa and low in GSb.2, 11 The observed changes Left, culture in an ammonia medium; right, culture in a glutamate medium. Ten ml of a culture of E. coli B in nutrient broth (Difco) was added to 18 1 of the culture medium. Growth conditions were the same as described by Kingdon and Stadtman.9 Enzyme activities were determined as described by Mecke in the S/T ratios (Fig. 1 ) may be best explained by assuming that ammonia causes conversion of GSb to GSa. At the beginning of cultivation in the ammonia medium the values of S/T are probably low. However, due to lack of cell material shortly after inoculation of the media we have not measured S/T at this period.
Feedback properties were studied in order to further characterize the two enzymes and to compare GSa and GSb with GSI and GSII described by Kingdon et al.9 For this purpose GSa was isolated from a glutamate culture of E. coli in the early logarithmic growth phase, i.e., in the presence of very low concentrations of ammonia. GSb was isolated from an ammonia culture of E. coli in the early logarithmic growth phase, i.e., in the presence of high concentrations of ammonia. Figure 2 shows that the two forms of GS exhibit characteristic differences in the response to feedback effectors. These differences correspond exactly to those described by Kingdon and Stadtman,9 but GSa behaves like the "ammonia preparation" and GSb behaves like the "glutamate preparation."
Discussion.-The parallelism of appearance and disappearance of ammonia in the medium with disappearance and appearance of GSa in the cells is striking.
This demonstrates the essential role of ammonia in controlling the ratio GSa/ GSb. It must be mentioned that in the cell-free system not ammonia but glutamine effects the ATP-dependent enzymatic interconversion of GSa to GSb. There is, however, accumulating evidence 11 12 that inside the cell ammonia is rapidly converted to glutamine, which then activates the GS-inactivating enzyme.
Kingdon and Stadtman9 demonstrated the existence of obvious differences in the response to feedback effectors for an "ammonia preparation" (called GSI) and a "glutamate preparation" (called GSII) from E. coli. The same differences are shown in Figure 2 for GSa and GSb. However, there is a contrast between our data and the results of Kingdon and Stadtman: in the sensitivity to feedback effectors the "ammonia preparation" of Kingdon and Stadtman behaves like our "glutamate preparation" (GSa), whereas the "glutamate preparation" of Kingdon and Stadtman behaves like our "ammonia preparation" (GSb). Kingdon and Stadtman harvested the cells during the late logarithmic or during the stationary growth phase. As can be seen from the changes of the ammonia concentrations in growing cultures (cf. Fig. 1) , the "ammonia preparation" of Kingdon and Stadtman is prepared from cells harvested from a medium with a very low ammonia concentration, and the "glutamate preparation" is prepared from cells harvested from a medium with a high ammonia concentration. Thus it is evident that the two GSI and GSII forms described by Kingdon and Stadtman9 are identical with the two GSa and GSb forms described earlier by Mecke et al. 24 7 In agreement therewith the enzyme converting GSI to GSII by adenylylation, described by Kingdon et al.6 is identical with the enzyme converting GSa to GSb described by Mecke et al. 3 The biological importance of the inactivation of GSa by ammonia in the medium is evident. Inside the cell, ammonia is rapidly transformed to glutamine. Glutamine activates the GS-inactivating enzyme. This is a feedback mechanism which is useful for cell economy: if glutamine is present within the cell, no more glutamine-synthesizing activity is necessary.
Summary.-The formation of the active (GSa) and the inactive (GSb) form of glutamine synthetase depends upon the ammonia content in the culture medium. In the absence of ammonia GSa is formed, while in the presence of ammonia GSb is formed. Both forms of the enzyme show characteristic differences in their enzymatic activities and in their responses to feedback inhibitors. The identity of GSa with GSII and of GSb with GSJ preparations described by Kingdon and Stadtman is shown. * This work was supported by Bundesministerium fur wissenschaftliche Forschung, Deutsche
